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ABSTRACT 
Evaluation of the sealing performance of pipe flange 
connection is significantly important for the safety of pipe line 
structures. The compression characteristics of sheet gaskets 
primarily affect the mechanical behavior of flanged 
connections. It is known that the stiffness of sheet gaskets 
decreases with an increase in temperature. Therefore, the 
compression test must be conducted at various levels of 
elevated temperatures. From the experimental point of view, 
however, a great difficulty is involved in measuring the 
compression characteristics of gaskets at elevated temperature. 
For this reason, a definite testing procedure has not yet been 
established. 
In this paper, a prototype of compression test equipment has 
been developed for measuring the stress-strain curves of sheet 
gaskets at elevated temperature. The test equipment is compact 
and the experiments can be conducted with a fairly easy 
operation. It can control the gasket stress from zero to 30MPa 
while keeping the temperature of test specimen at different 
levels from room temperature to 300˚ C and higher. Aramid 
sheet gaskets are selected as test specimens. Experimental 
results show that the gasket stiffness drops with an increase in 
temperature. The shapes of the compression curves at different 
temperatures are similar, and those curves move in the direction 
of lower stiffness as the temperature is increased. It is 
concluded that the test equipment proposed here has a high 
promise to measure the stress-strain curves of sheet gaskets and 





A gasket is the most crucial element for a pipe flange 
connection as well as clamping bolts, both of which have 
dominant effects on its sealing performance. A wide variety of 
gaskets are available according to the kinds of contained fluids 
and the service conditions, i.e., the inner pressure and 
temperature. The testing procedure for measuring gasket 
compression characteristics at room temperature has already 
been established fundamentally. A large number of 1
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gaskets, which cover the pressure range from zero to the 
maximum value suggested by gasket manufacturers. 
Meanwhile, the leakage of the contained fluid from pipe flange 
connections usually occurs when dealing with high temperature 
fluids [1-4]. The assemblage of pipe flange is commonly 
carried out under room temperature. When the plant is put in 
service, the gasket temperature is increased due to the heat 
given by the contained fluid, and then the bolt preloads are 
varied [5-8]. Flange bolts are retightened at this stage to prevent 
the leakage. Thus, the sealing performance in service condition 
cannot be estimated only in terms of the gasket compression 
characteristics at room temperature. It is desired, therefore, to 
develop a test equipment effective for measuring the 
compression characteristics of gaskets at elevated temperature, 
with high precision and easy operation [9-12]. 
 In this study, a prototype of the test equipment, which seems 
to fulfill the above requirements and have versatility in 
handling, is manufactured for trial. It is explained in the 
subsequent chapters how the technical problems inherent to the 
test equipment used at elevated temperature are overcome, and 
some results of the compression tests are introduced. The 
tentative test equipment can increase the gasket temperature 
beyond 300˚ C and the gasket stress up to 30 MPa, both of 
which cover the usual service conditions for sheet gaskets. 
Aramid sheet gaskets are employed as a test specimen. In the 
experiments, the gasket temperature is increased up to 100˚ C. 
It was found that the gasket stiffness fairly reduced with 
increasing temperature. The shapes of the compression curves 
at different temperatures were similar, and those curves move 




ε = gasket strain 
εy = gasket strain when unloading starts 
σ = gasket stress (MPa) 
σy = gasket stress when unloading starts (MPa) 
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2. Compression Characteristics of Gaskets at 
Elevated Temperature 
 
Figure 1 shows an example of stress-strain curve of spiral 
wound gasket measured by the compression test. The following 
equations provide a good approximation for the relationship 
between stress σ and strain ε of spiral wound gaskets [13]. 
 Loading: 
   
2 2 3 3
4 4 5 5 5 6
65.2 27.3 10 17.4 10
      32.1 10 17.5 10 28.8 10
σ ε ε ε
ε ε ε
= ⋅ + × ⋅ − × ⋅
+ × ⋅ − × ⋅ + × ⋅
   (1) 
 Unloading:  
exp( )σ α βε= γ+                            (2) 
2
exp( ) exp( )
















= − ⋅ +
= −
= ⋅ + ⋅
 
 where εy and σy are the values of strain and stress on the 
loading curve when unloading starts. In the case of asbestos 
sheet gaskets, the equations are given in the following form 
[14].    
Loading: 
  { }12.6 exp(19.6 ) 1σ = ⋅ε −                        (3) 
Unloading:  
  exp( )σ α βε= γ+                             (4) 
exp( ) exp( )




















The above equations all represent the compression 
characteristics at room temperature. Meanwhile, it is well 
known that the gasket stiffness varies greatly at elevated 
temperature. In the case of spiral wound gaskets, shown in 
Fig.2, it is reported that the gasket stiffness increases as the 
ambient temperature is increased [15,16]. In contrast, the 
stiffness of sheet gaskets decreases with increasing ambient 
temperature, according to manufacturers’ data, as shown in 
Fig.3. In any event, the compression characteristics of gaskets 
are complicated, especially at elevated temperature, and the 
experiments involve a lot of difficulties. Therefore, a standard 
experimental procedure has not been established yet. The 
demands for the test equipment, which measures the 
compression characteristics of gaskets at elevated temperature, 
are as follows. 
1) Implementation of the compression test under arbitrary 
constant temperature ranging from room temperature to the 
maximum service temperature of the objective gasket. 
2) Loading and unloading the compression force between 
zero to the maximum service stress of the gasket. 
3) Test equipment is desired to be compact, light weight and 
less expensive from the practical point of view. 
 
3. Outline of Proposed Test Equipment 
 
2
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inherent to the compression test at elevated temperature as 
follows. 
 1) The geometry of test specimen is annular, and the 
compression force is applied to the gasket specimen by 
tightening a single large bolt that is placed in the center of the 
equipment. 
 2) Thermal load is supplied by annular heaters attached to 
upper and lower platens, which are in contact with the gasket 
test specimen and exert high compression force on them.    
3) Gasket displacement is calculated as the difference between 
the displacements of upper and lower platens, which are 
measured by means of laser displacement sensors. 
Figure 4 shows a prototype of the test equipment 
manufactured for trial. Its target is sheet gaskets. Gasket stress 
and temperature can be controlled up to 30MPa and beyond 
300˚C, respectively. Figure 5 illustrates a construction detail of 
the most important portion of the equipment. In the following, 
the contrivances involved in the equipment are explained more 
concretely. 
 Test specimen geometry: Sheet gasket is manufactured into 
annular shape with width of 6mm. This size is the lower limit to 
machine the specimen into a correct annular shape, although 
smaller width can offer higher gasket stress. 
Application of gasket stress: Gasket stress is applied by the 
clamping force of a single M16 bolt made of high-strength steel 
placed in the center of the equipment. The bolt is tightened 
using a torque wrench. Strain gages for high temperature use 
are attached to the bolt shank in order to apply the bolt preload 
precisely.  
Application of thermal load: An annular ring heater is attached 
to each of two platens that exert the compression force on the 
gasket specimen. Its maximum output is 190W and the actual 
output is controlled by a rheostat to obtain the desired gasket 
temperature. Each platen has 82mm height and 140mm 
diameter, and thus the test equipment has sufficient stiffness to 
conduct the compression test.   
Measurement of gasket deformation: Laser displacement 
sensors are used in pairs to measure the gasket deformation, 
one is for the deformation of the upper platen and the other is 
for the lower one. Then, the gasket deformation is calculated as 
the difference between the deformations of the two platens. 
Gasket displacement is measured at two points located 180 
degrees from each other, and the mean value is employed as the 
gasket deformation.   
Measurement of gasket temperature: Three thermocouples are 
glued on the surface of a small groove that is machined on the 
gasket side of the platen. Two grooves are machined, and the 
mean value of the measured temperatures is used as the gasket 
temperature. 
 
4. Compression Test of Sheet Gaskets 
 
4.1 Test Specimens and Experimental Conditions 
Test specimens are aramid sheet gaskets with thickness of 
3mm. The maximum service temperature is 183˚ C according 
to the manufacturer’s data. The test specimens are machined 
into annular shape with 64mm inner diameter and 6mm width. 
Gasket stress is increased to 30MPa with increment of 5MPa 
and then unloaded in the same manner. Gasket temperature is 













Downlo4.2 Experimental Procedure 
Each part of the test equipment is assembled according the 
predetermined position to ensure the reproducibility of the 
experimental results. The gasket temperature is maintained 
about thirty minutes after it reaches the target temperature. 
Gasket compression stress is increased from zero to 30MPa 
with increment of 5MPa. It takes about three minutes to 
complete the loading and unloading operations necessary to 
draw one compression curve, while gasket deformations are 
measured using laser displacement sensors Therefore, the 
thermal expansion of test equipment generated during loading 
and unloading processes may have a negligible effect on the 
accuracy of the measured gasket strain.   
4.2 Experimental Results 
Figure 6 shows an example of experimental results at room 
temperature. It is observed that the relationship between gasket 
stress and strain is successfully measured. Black circles 
represent the experimental results, and they are identified by 
means of the equations similar to Eqs.(3) and (4), which are 
drawn by curved solid lines. Figures 7(a),(b) show the results at 
50˚ C and 100˚ C. With increase of the temperature, the 
gasket stiffness obviously decreases both in loading and 
unloading processes. Comparing the three figures, the shape of 
each compression curve is fairly similar. The compression 
curve seems to move in the right direction, i.e., toward lower 
stiffness, as the temperature is increased. In Table 1, parameters 
that designates Eq.(4), i.e., α, β and χ, are shown for gasket 




1) A prototype of the test equipment for measuring the 
compression characteristics of sheet gaskets at elevated 
temperature was manufactured, which can control the gasket 
temperature beyond 300˚ C and the gasket stress up to 30MPa. 
2) Using aramid sheet gaskets, the compression tests were 
conducted up to 100˚ C, and the relationship between gasket 
stress and strain was successfully measured. 
3) With increase of the temperature, the stiffness of sheet 
gaskets decreases. The shapes of the compression curves at 
different temperatures are similar, and the curves move in the 
direction of lower stiffness, as the temperature is increased. 
 In the future studies, further improvements are required on the 
way of applying compression force and thermal load to the test 
gasket. This test equipment could also be applied to other types 
of gaskets, e.g., a spiral wound gasket, by using a clamping bolt 
with higher strength and increasing the stiffness of the platens. 
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       Fig.1 Stress-strain curve of spiral wound gasket 








Fig.2 Stress-strain curve of spiral wound gasket  










Fig.3 Stress-strain curve of sheet gasket  
at elevated temperature 
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Fig.4 Prototype of gasket compression test equipment 














by bolt clamping force
 
 
Fig.5 Construction detail of test equipment 
 






























Fig.6 Stress-strain curve of aramid sheet gasket  





        Table 1 Parameters for unloading curves 
 
5 MPa α β γ
room temp 0.01293 171.89 -0.3488
50 deg. 0.0935 94.88 -1.3219
100 deg. 0.12525 81.41 -0.9587
150 deg. 0.43395 54.65 -1.2092
10MPa α β γ
room temp 0.35784 43.69 -4.577
50 deg. 0.05332 51.09 -2.119
100 deg. 0.13172 36.61 -2.785




































































(b) 100˚ C 
 
Fig.7 Stress-strain curve of aramid sheet gasket  
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